tions experienced by patients are cardiovascular complications including coronary heart disease, congestive heart failure, and cerebrovascular events [3] . Lindholm et al. reported that 6 of 20 patients with persistent hypercortisolism after initial transsphenoidal surgery (TSS) died; however, only 1 of 45 patients who had been cured through TSS died [2] . Therefore, early diagnosis and successful treatment of CD are warranted.
Generally, remission is obtained in 65% to 85% of patients with Cushing's disease [4] [5] [6] [7] [8] , depending upon the size and location of the tumor, surgical expertise, length of follow-up, and the biochemical criteria for remission [9] . However, successful long-term management of patients with CD remains a challenge as the recurrence rate is 5% to 10% at 5 years and 10% to 20% at 10 years [4, 5, 7, [10] [11] [12] [13] . Moreover, the risk does not seem to plateau even after 20 years, and a 2-to 3-fold increase in mortality affects those patients in tomography (CT) (SOMATOM, Siemens, Forchheim, Germany) or adenomas <1 cm in diameter were classified as microadenomas. The positive finding on MRI was defined as visible tumor on MRI. BIPSS was performed if no adenoma was present on imaging. Basal petrosal sinus-to-peripheral plasma ACTH ratio ≥2.0 and post-corticotrophin-releasing hormone (CRH) stimulation ratio ≥3.0 were used to demonstrate pituitary ACTH hypersecretion. Resection of all presumed adenomas was performed via the transsphenoidal approach by one of three neurosurgeons at the same hospital.
Remission criteria included a normal postoperative 24-hour UFC or the continued need for corticosteroid replacement after TSS at the 6-month follow-up. Persistence criteria was defined by urinary free cortisol values >348 nmol/day or failure to suppress serum cortisol adequately after low-dose dexamethasone testing.
All patients were administered dexamethasone both intraoperatively and postoperatively. Therefore, the cortisol level within the first postoperative week was not included among the remission criteria.
Recurrence criteria included elevated serum cortisol, elevated 24-hour UFC, and serum cortisol >140 nmol/L following overnight dexamethasone suppression test after remission.
Plasma ACTH, serum cortisol, and 24-hour UFC excretion were measured using radioimmunoassay (Cis Bio, Gif sur Yvette, France) techniques.
Data are presented as mean ± standard deviation (SD) or % (n) for descriptive statistics. T-test or Wilcoxon rank sum test were used for continuous variables, and the Fisher's exact or χ 2 test was used for nominal variables. Kaplan-Meier analysis for recurrence was performed using the product-limit method. Actuarial recurrence rates were determined from the Kaplan-Meier analysis. Receiver operating characteristic (ROC) curve analysis was used to figure out the cut point of the preoperative serum cortisol level for recurrence. Cox proportional hazards regression analysis was used for recurrence according to the preoperative cortisol level. All analyses were done using SPSS 16.0 for Windows (SPSS Inc, Chicago, IL). Two-sided p values <0.05 were considered evidence of statistical significance.
Results
The outcomes of the 54 patients are summarized in Fig. 1 . Mean age at diagnosis was 35.8 ± 12.8 years, and median follow-up duration was 50.7 months (range, whom initial cure was not obtained [6, 10, 14, 15] . In this respect, to identify favorable predictive markers for the recurrence of CD might be useful.
Favorable predictors associated with successful adenomectomy include detection of the microadenoma by magnetic resonance imaging (MRI), a well-defined tumor that is not invading either the basal dura or cavernous sinus, histological confirmation of an ACTH-secreting tumor, low postoperative serum cortisol levels, and long-lasting adrenal insufficiency. Nevertheless, none of them have shown consistent results [6, [15] [16] [17] [18] .
To date, studies on the long-term outcome of Cushing's disease patients have been conducted mainly in Caucasians. The available studies on the long-term recurrence of CD in Asian population are very limited [19, 20] . The aim of the present study was to assess the recurrence rate of CD in the Korean population over a long period. In addition, we wished to identify predictive markers for the long-term outcomes of CD patients.
Methods and Materials
A retrospective study of 54 patients (13 men; 41 women) who had undergone TSS for the treatment of CD at Seoul National University Hospital between January 1984 and December 2010 was performed. In the same period, 1,664 cases of pituitary tumors were operated in our hospital. Patients who had received previous treatment (i.e., surgery or radiotherapy to the pituitary or adrenal glands) or were less than 6 months post-TSS were excluded.
All patients had symptoms consistent with hypercortisolism, which was verified by increased 24-hour urinary free cortisol (UFC) excretion and lack of suppression of the serum cortisol response (serum cortisol > 50 nmol/L) during a low-dose dexamethasone suppression test (0.5 mg every 6 hours for 48 hours). The diagnosis of pituitary-dependent Cushing's disease was suggested by analysis of ACTH, the response to high-dose dexamethasone suppression test (2 mg every 6 hours for 48 hours) ( > 50% suppression of plasma cortisol from the basal value), pituitary imaging, and bilateral inferior petrosal sinus sampling (BIPSS). An ectopic source of ACTH secretion was also excluded when results were equivocal.
Pituitary adenomas not visible on magnetic resonance imaging (MRI) (Sigma, General Electric Medical Systems, Milwaukee, WI, USA) or computed Comparisons of clinical, biochemical, and radiological parameters between the initial remission and persistence groups were shown in Table 1 . There were no significant differences in the preoperative biochemical or radiological findings and the presence of adenoma at pathology between the initial remission and persistence groups.
Several parameters were also compared between the long-term remission and recurrence groups ( Table 2 ).
11.4-174.2 months)
. Sixteen patients did not achieve remission in the immediate postoperative period and required further therapy. Thirty-eight patients (7 men, 31 women) achieved remission and were followed for a long period. The initial success rate of TSS was 70.4%. The mean age at diagnosis for the 38 patients who achieved remission was 34.9 years (range, 16-71 years). Eighteen of the patients who achieved initial remission relapsed. Data are mean ± SD (n) or % (n); ACTH, adrenocorticotropic hormone; UFC, urine free cortisol; BIPSS, bilateral inferior petrosal sinus sampling; MRI, magnetic resonance imaging Patients who remained in remission showed lower serum cortisol levels before surgery than patients with recurrence (p < 0.05). Pathologic confirmation of an adenoma was marginally associated with a lower risk of recurrence (p = 0.057). Positive findings on an imaging study and the presence of a microadenoma were not associated with a lower risk of recurrence. The duration of follow-up was longer in the recurrence group than in the remission group. Furthermore, no differences were identified between the remission and recurrence groups with respect to postoperative plasma ACTH, serum cortisol, and 24-hour UFC (Fig. 2) . Of the 16 patients who failed to achieve initial remission, 3 patients were lost to follow-up; 1 patient underwent TSS again; 3 patients underwent gamma knife surgery; 8 patients received radiotherapy; and 1 patient received oral ketoconazole. Ten of the remaining 13 patients achieved remission. Among 18 patients with recurrence, 8 patients whose adenomas were visible on MRI underwent secondary TSS; 4 patients in whom adenomas were suspected but not clearly identified on MRI were treated with gamma knife surgery; and 5 patients who were suspected clinically (without any MRI findings) underwent radiotherapy. Sixteen of 18 patients achieved remission again.
The probability of recurrence-free survival of patients in immediate remission after pituitary surgery was 86.1% at 24 months, 67.6% at 60 months, and 45.4% at 120 months. Median time to recurrence was 57.2 months (range 13.0-148.0 months) (Fig. 3) .
Patients were split into two groups based on a cut point for the preoperative serum cortisol level of 635 nmol/L, which was derived from the ROC curve analysis (AUC, 0.678). Cox proportional hazards regression analysis was performed for recurrence according to the different levels of preoperative cortisol. However, patients with preoperative cortisol levels ≥635 nmol/L did not show an increased risk for recurrence for compared to patients with preoperative cortisol levels <635 nmol/L (hazard ratio = 1.129, p = 0.826).
No patients died due to intra-or postoperative complications. One patient suffered meningitis, and 9 patients developed hypopituitarism.
Discussion
Thirty-eight of 54 patients (70.3%) who underwent TSS did achieve initial remission, and 18 of those patients with recurrence. The recurrence rate of CD after initial successful TSS was 32.4% at 5 years and 54.6% at 10 years. Preoperative serum cortisol level was different between persistent remission group and recurrence groups. The pathology confirmation of adenoma was correlated with a lower risk of recurrence. Tumor size, postoperative plasma ACTH level, serum cortisol level, presence of visible tumor on preopera- 78.5 ± 53.6 133.7 ± 56.1 0.006 Data are mean ± SD (n) or % (n); ACTH, adrenocorticotrophic hormone; UFC, urine free cortisol; MRI, magnetic resonance imaging; IPSS, inferior petrosal sinus sampling our study, the recurrence rate of patients in immediate remission after pituitary surgery was 13.9% at 24 months, 32.4% at 60 months, and 54.6% at 120 months. The median time to recurrence was 4.8 years. Several factors can be raised to explain difference between our and previous results. First, the criteria for remission or recurrence can attribute the variability of remission or recurrence rate. The morning serum cortisol levels as remission criteria varied such as less than 50, 55 or 138 nmol/L [15, [21] [22] [23] . Second, the duration of follow-up varied in each study. Prolonged follow-up leads to lower cure rates, as the incidence of recurrence increases with time. In our study, the median duration of follow-up was more than 4 years. Recurrence occurred >10 years after initially successful pituitary surgery in one patient, implying that lifelong follow-up of patients with CD is mandatory. Third, instead of higher recurrence rate, the complication rate was lower in our study than in previous studies [4] . The trend toward more conservative surgery in our center, focusing on preserving pituitary functions, resulted in a relatively higher recurrence rate. In the present study, the incidence of hypopituitarism following initial TSS, 16.7% (9/54), was lower than previous reports exceeding 25% [16] . In addition, the success rate of secondary TSS was higher than in other study [24] .
The reason for the high recurrence rate for CD patients compared with conditions related to other benign secreting tumors of the pituitary gland (such as tive imaging, and lateralization at BIPSS did not help predict recurrence.
Our initial success rate was similar to or slightly lower than that reported in other studies; however, the recurrence rate was higher than previous studies [4] [5] [6] [7] [8] [9] . Atkinson et al. reported that the relapse rate was 22% (10/45) after a mean follow-up of 9.6 years. The median time to relapse was 5.3 years [10] . Swearingen et al. reported a much lower recurrence rate (7%) with a median time to recurrence of 5.7 years [13] . In adenoma has been associated with a lower recurrence rate [21, 29] . As well, identification of a tumor preoperatively by CT or MRI was generally seen as a good prognostic indicator [5] . The morphology of the pituitary tumor based on the Knosp grade was assessed in the available 22 cases, but the outcome was not different according to the Knosp grade (data not shown) [30] . Intriguingly, in the study by Chee et al., when histological and radiological confirmation of a tumor was assessed in combination, positive findings predicted a good outcome.
In our study, the preoperative plasma ACTH level was marginally associated with recurrence. The reason for the result is unclear and technical factors may underlie this unexpected finding, which has been observed by others [31, 32] .
The retrospective nature and the small sample size were major limitations in our study. However, due to the very low incidence of CD, several studies were conducted retrospectively. In addition, the protocol was not consistent in the early years, and data were missing for some study subjects. Also, the specific histology types of pituitary adenomas were not described by pathologists in our hospital.
Few published studies are available regarding the long-term outcome of patients with CD after TSS. Nevertheless, most of studies included Caucasian. This study investigated long-term outcomes and predictive parameters of CD patients among Asians. Additionally, many predictive indicators, such as biochemical parameters and both radiological and pathological findings were assessed.
In conclusion, high preoperative cortisol levels and the absence of adenoma at pathology might predict recurrence of CD after primary TSS. Lifelong follow-up is required for patients with CD since the recurrence rate increases with time.
growth hormone-secreting tumors) remains unknown [6] . CD patients might have a different biology that makes them resistant to surgical cure. Regardless of the initial outcome, all studies demonstrate that the risk of recurrence is relatively high and that this risk continues for many years [5, 7, 25] .
In this study, preoperative serum cortisol level was significantly associated with recurrence. This result suggested that preoperative serum cortisol level might be related to the activity of CD. Though postoperative serum cortisol levels within the first postoperative week showed no difference between the long-term remission and recurrence groups in this study, low or undetectable postoperative serum cortisol levels has been suggested as one of the best biochemical predictor of long-term remission [5, 8, 15, 22, 23, 26] . Particularly, persistent postoperative morning serum cortisol levels <55 nmol/L are associated with remission and a recurrence rate of approximately 10% at 10 years [4, 10, 14, 15, 21, 22, 27, 28] . However, this is still a matter of debate. Yap et al. argued that undetectable postoperative cortisol levels did not always predict long-term remission in CD patients [23] . Moreover, occasionally serum cortisol level falls more gradually, possibly reflecting transient adrenal autonomy. For this reason, it is important to ensure that serum cortisol level has reached a nadir before considering further therapy. Recent study showed that delayed remission in 5.6 % of patients who had early elevated or normal UFC levels. These patients developed a delayed and persistent cortisol decrease after an average of 38 ± 50 postoperative days [9] . This observation suggested that serum cortisol levels 6 to 12 weeks after surgery may be more accurate in predicting long-term outcomes. Serum cortisol levels after 6 to 12 weeks were not included in our data. Thus, it is difficult to conclude that the postoperative serum cortisol level was not related to the recurrence of CD. Collectively, to determine the best time point to measure serum cortisol postoperatively requires further studies.
Our study revealed that pathologic confirmation of an adenoma was marginally associated with lower risk of recurrence (p = 0.057). Pathological confirmation of an
